Background: information about the predictors of mortality among the oldest-old is limited. Also possible gender differences are poorly known. Objective: to examine the predictors of mortality among individuals aged 90 and older, focusing on differences between men and women. We also analysed gender differences in survival at different levels of mobility and activities in daily living (ADL). Design: this 9-year follow-up study is part of the Vitality 90+ study, a population-based study of people aged 90 and older. Subjects: all inhabitants aged 90 and older in the area of Tampere, Finland were contacted, irrespective of health or 468 K. Tiainen et al.
Introduction
Several studies have shown that chronic conditions [1, 2] , functional disabilities [1, [3] [4] [5] , poor self-rated health [4, 6] and lower socio-economic status [7, 8] increase the risk of mortality among older people. However, only a few studies have focused on individuals aged 90 or older. The best information is available on the functional status. In a 12-year follow-up study among persons aged 90-94 [9] disability was the most powerful predictor of mortality. Among men and women aged 95 and older [10] a lower Barthel Index score and a history of heart failure were independent risk factors for 3-year mortality. In Danish 90-year-old individuals [11] followed for 15 months, disability and poor functioning predicted mortality, but diseases and education did not.
The relative importance of conventional risk factors, such as body weight, cholesterol, chronic conditions and disability, tends to decrease towards old age [12, 13] . This is likely due to a high general level of risk factors, selective survival and high baseline mortality, but also to the methodological problems such as exclusion from the studies of the institutionalised or the otherwise most sick and disabled individuals. In addition, the importance of predictors seems to vary between genders [11, [14] [15] [16] . In very old age, the gender differences are poorly known. Since the number of nonagenarians is rapidly increasing, better information on predictors of mortality in this group could help to better understand the dynamics of population ageing and promote health and functioning in the oldest-old.
In this study, we focused on predictors of mortality over a period of 9 years in a representative population sample of individuals aged 90 and older and analysed (i) whether indicators of health and functioning known to predict mortality in younger old age, also maintain their importance in nonagenarians, and (ii) whether the predictors differ between men and women. In addition, we examined (iii) the gender differences in survival at different levels of functioning to determine whether the findings of longer survival with disability for women than men [15] are valid also for the oldest age group.
Methods Participants
This study is part of the Vitality 90+ Study, a populationbased research programme on nonagenarians in Tampere, Finland [17, 18] . The questionnaire was mailed to all inhabitants aged 90 years and older in the year 2001 (both community dwelling and institutionalised, n = 1129), and 892 questionnaires (men n = 171, women n = 721) were returned. The response rate was 79% for both genders. Altogether 87 individuals had died between the sampling and the data collection, for 8 persons the address was not known, and 142 individuals did not return the questionnaire; out of the latter group 27 died within 2 months of data collection. Among those who were alive when the questionnaire was sent out, the response rate was 86%. Four women whose mortality data were unknown were excluded. The final sample size consisted of 888 persons.
Persons unable to fill out the questionnaire were instructed to ask for help from a family member, a caregiver, or a friend. If a person was unable to select an answer, a caregiver or a family member was asked to participate as a proxy (n = 133). The proxy rate was 15% for men and 23% for women.
The study design was approved by the ethics committee of the Pirkanmaa Hospital District and the ethics committee of the Tampere Health Center.
Variables
Age, gender, activities in daily living (ADL), mobility, selfrated health, chronic conditions, occupation, and dwelling place were studied as potential predictors of mortality. Participants were asked whether they were able to perform independently (i) two ADL activities: get in and out of bed, to dress and undress and (ii) three mobility activities: to move about indoors, to walk 400 m and to use stairs. The alternative answers for each five questions, (1) yes, without difficulty; (2) yes, with difficulty; (3) only with help and (4) not at all, were categorised as independence (alternatives 1 and 2) or dependence (alternatives 3 and 4). Next, two functional performance scores were calculated. In the mobility score, the answers were categorised as independent in all three items, independent in two items, independent in one item and dependent, and in the ADL score as independent in both items, independent in one item and dependent.
Self-rated health was assessed by the question, 'How would you evaluate your health?' with five alternative answers: (1) very good, (2) fairly good, (3) average, (4) fairly poor and (5) poor. In the analysis a three-category indicator was used: good (very good and fairly good), average and poor (fairly poor and poor). Self-rated health was not asked if the answers were received from a proxy.
The participants were asked whether a doctor had told them that they had any of the following conditions: heart disease, cancer (except basal cell carcinoma), diabetes, dementia, stroke, depression and hip fracture. These were categorised as 0-1 versus 2-7 chronic conditions.
The information about main lifetime occupation was categorised as upper non-manual, lower non-manual, skilled worker, unskilled worker, housewife and occupation unknown [19] . The type of residence was classified as an ordinary home, service housing and nursing home or hospital.
Dates of death were drawn from the National Population Register Center. The 9-year follow-up time was calculated from 15 May 2001 to the date of death or to 15 May 2010, for survivors.
Statistical methods
Cox proportional hazards models with hazard ratios (HR) and 95% confidence intervals (CI) were used to assess the predictors of mortality over the 9-year follow-up. Four different models were performed separately for men and women: (1) each variable separately, adjusted for age, (2) a multivariate model including all variables except mobility, (3) a multivariate model including all variables except ADL and (4) a multivariate model including all variables. Model 4 was also used for both genders combined, adjusted for gender. To examine whether the possible predictors of mortality mainly reflect the fatal illness at the very end of life, we also performed a multivariate model with all variables (Model 4) excluding those participants who died during the first 2 years of the follow-up (n = 480). For the potential predictors, the proportional hazard assumptions were fulfilled. Interaction analyses with gender were performed for each predictor adjusted for age.
To investigate the gender pattern in survival at different levels of ADL and mobility, median survival times were calculated for men and women aged 90-91 at baseline (n = 443). The Kaplan-Meier procedure was used, and the differences between the groups were tested by Log rank tests.
Statistical analyses were performed by the SPSS program, version 18. The level of statistical significance was set at P < 0.05.
Results
The age-range at baseline in the total sample (n = 888) was 90-106 years and the mean age 92.3 years (SD 2.5). The mean age did not differ significantly between men (92.0, SD 2.3) and women (92.4, SD 2.6). The mean survival time until 15 May 2010 was significantly longer (P = 0.015) among women (3.4 years, SD 2.6) than men (2.9 years, SD 2.4). During a 9-year follow-up 842 (94.8%) participants died; 166 (97.3%) men and 676 (94.3%) women. Those who died were significantly older (P = 0.010) although the difference in the mean age between survivors (91.4, SD 2.1) and the deceased (92.4, SD 2.6) was only 1 year. They also had more chronic conditions, more disability in mobility and ADL and poorer self-rated health, and they lived more often in an institution (Table 1) .
Both alone and with other variables, age was a significant predictor of mortality in both men and women. For men ( Table 2 , Model 1), disability in ADL, disability in mobility and poor self-rated health predicted mortality, when adjusted for age. When ADL and mobility alternated in the model, they remained significant ( Table 2 , Models 2 and 3). When all variables were included in the model (Table 2 , Model 4), mobility disability and ADL disability, again, came up as the significant predictors of mortality.
For women ( Table 2 , Model 1), all variables but occupational class were associated with mortality, when age was adjusted for. In the multivariate model without mobility (Table 2 , Model 2), disability in ADL, poor self-rated health and comorbidity were significant predictors; when mobility replaced ADL (Table 2 , Model 3), dependence in mobility was significant. After including all variables in the same model (Table 2 , Model 4), poor self-rated health and comorbidity predicted mortality, but functioning was not significant. In the multivariate models (Table 2 , Models 2, 3, and 4) skilled workers, unskilled workers and housewives had a lower risk of mortality than women in upper nonmanual occupations.
When analysing men and women together ( Table 2 , Model 4), older age, male gender, ADL disability, mobility disability, poor self-rated health and living in an institution were significant predictors of mortality.
When deaths occurring during the first 2 years of follow-up were excluded (Model 4, results not shown), older age and being independent in only one ADL item were associated with mortality in both genders. In considering men and women together, older age, male gender and being independent in only one mobility item were still significant predictors of mortality. In most models, living in an institution increased the likelihood of dying. To analyse whether the predictors differ between the genders, we performed age-adjusted Cox regression interaction models for each health variable. A significant interaction with gender was found for ADL (β coefficient = 0.638, P < 0.001), and mobility (β coefficient = 0.138, P < 0.001), but not for comorbidity (β coefficient = 0.026, P = 0.717) or self-rated health (β coefficient = 0.012, P = 0.787).
To study the gender differences of survival time in different functional groups among those aged 90-91, survival functions were constructed for mobility and ADL by gender. Differences between the functional levels were clear (Log Rank for both P < 0.001, Figure 1 ). The gender difference was not significant for those who were independent in all respective tasks, or for those who were totally dependent. If independent in two mobility items, the median survival time was 4.17 years (95% CI: 3.41-4.93) for women and 1.43 years (95% CI: 0.62-2.23) for men (P = 0.011 for gender difference). If independent only in one mobility item, women survived 2.56 years (95% CI: 1.98-3.14) and men 0.90 years (95% CI: 0.30-1.50) (P = 0.055). If independent in one ADL item, survival time for women was 2.01 years (95% CI: 1.22-2.80) and for men 0.70 years (95% CI: 0.44-0.96) (P = 0.037). Among men and women aged 90-91 gender interaction was significant in ADL (β coefficient = 0.618, P < 0.001), but, with the standard error rate of 5%, not in mobility (β coefficient 0.078, P = 0.184).
Discussion
This study examined the predictors of mortality among men and women aged 90 and older during a 9-year followup. We also investigated gender differences in survival on different levels of functioning. The study had the advantage of having available an entire age cohort in the area, and a high response rate. The data came from the city of Tampere, but it included also rural areas, and the proportion of inhabitants aged 90 or older in 2001 was the same as in the country as a whole, 0.46% [20] . The follow-up time was exceptionally long for this age group, and, by using the personal identification codes, dates of death could be used in mortality analysis.
Our results showed that in nonagenarians, older age, male gender, institutionalisation, poor self-rated health, mobility disability and ADL disability significantly increased the risk of mortality. By and large, the findings are consistent with the few earlier results among nonagenarians [4, 9, 11] . Disability in ADL and mobility were major risk factors in both genders, but stronger in men than in women. Women aged 90-91 years who were partly but not totally dependent in ADL or mobility survived longer than men on the same level of functioning. This is in line with findings by Ferrucci et al. [15] and Doblhammer and Hoffmann [16] in younger old groups that after the onset of severe disability, women survive longer than men, leading to the well-known higher prevalence of disability in women. In our study, HRs and CIs suggested that chronic conditions were a more important predictor of mortality in women than in men, but the interaction analysis did not support this. Thus, according to our findings disability is more fatal for men than women, but the impact of comorbidity is not gender specific. The underlying causes of these differences are poorly understood.
Self-rated health is a well-known predictor of mortality across the life span [21] . In this study, poor self-rated health was associated with mortality in the whole group. The HRs were of the same magnitude for both genders, but in men, the adjusted odds ratios did not reach significance. Similar gender patterns have been found among Danish nonagenarians [11] . In general, the associations seem to be somewhat but not essentially stronger for women [21, 22] , and differences in statistical significance may often be due to the smaller sample sizes in men.
In contrast to what is known of younger age groups, occupational class, with the exception of those whose occupation was not known, was not significantly associated with mortality in men and in women, mortality was lower for skilled and unskilled workers and housewives than for upper non-manual employees. Earlier data on socioeconomic mortality differences in this age group are scarce and most often education is used as an indicator. In an European study, differences between lower versus higher educated still persisted among nonagenarians, but were smaller than in younger age groups [8] . In a nation-wide Finnish study [7] , occupational differences remained at the age of 80, but disappeared by the age of 95+ [23] . In our data, the finding may reflect either diminishing social class difference with increasing age, or inadequacy of earlier occupation as an indicator of social position in very old age, or both.
The small number of men, a consequence of their poorer survival rate compared with women, is a limitation and makes the inference about interaction less powerful. However, the percentage of men reflects their share in the basic population, and the participation rate was similar for men and women. All information except death is selfreported, which may raise questions about the reliability and the possible gender difference in reporting. Still, our comparisons of self-reports with hospital record data [24] and with information provided by family members or caregivers [25] suggest that the self-reports are sufficiently reliable in both genders, and proxy responses for functioning and disease can be used. The rate of proxy answers was higher (24%) in women than in men (15%), similar to other nonagenarian studies [11] . As proxies were not asked about self-rated health, there were more missing cases in this variable in women. The gender difference in proxies largely reflects the higher prevalence of disability and disease, particularly dementia, in women. As these factors were included in the analyses, this is not likely to cause bias in the results.
In conclusion, our findings in a population aged 90 and older indicate that indicators of health and functioning known to be important predictors of mortality at younger old age also play their role in nonagenarians. The study points out the role of the functional status as a primary indicator of health that is able to capture the general dysfunctions reducing the viability of an individual; functioning is the most important target for interventions at very old age. Further studies are needed to understand why mortality is more strongly associated with functioning in men than in women, and why women survive longer with disability.
Key points
• Health indicators similar to younger old age predict mortality also in the oldest-old.
• Disability in ADL and mobility are stronger predictors of mortality in men than in women.
• At a very old age, women survive longer with disability than men.
• Self-rated health is associated with mortality in nonagenarians.
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